Irradiation damage in materials for nuclear applications primarily results from the production of energetic particles in fission, nuclear reaction and radioactive decay events. The interaction of these energetic particles (fission products, fast neutrons, protons, alphas, and recoil nuclei) with materials results in the production of atomic-scale defects from ballistic collisions and introduction of new chemical elements. In the case of high-energy fission products, the intense ionization along the fission product path can also introduce defects or damage [2] . These irradiation damage processes control the long-term evolution of the materials response to the production and diffusion of defects, fission products and nuclear reaction products. With the exception of fast neutrons, the energetic particles produced in nuclear environments are charged ions that can be also be produced using ion accelerator facilities, such as the JANNuS facility in France [3] or facilities in the USA [4, 5] . Even in the case of a fast neutron, 50 to 100 keV of kinetic energy is transferred on average to a primary knock-on atom (PKA) [6] , which is essentially an energetic ion that produces a cascade of displaced atoms through screened-Coulomb collisions, as illustrated in Fig. 1 for silicon carbide [7] .
Ion-beam irradiation techniques can be effective in simulating neutron irradiation effects [6, 8] , fission damage [9] and alpha-decay damage [10] on short laboratory time scales over a large range of experimental conditions in order to develop more detailed scientific understanding and predictive models of the complex evolution microstructure and phase changes under irradiation. The unique effects of ion irradiation and the use of ions to study fast neutron irradiation effects is a critical topic, since development and qualification of new structural materials requires neutron doses that are too high to be obtained in existing nuclear test reactors or spallation neutron sources.
The advantages and disadvantages of using ions to simulate nuclear radiation environments will be reviewed, with specific examples provided. The integration of computer simulations into these irradiation studies have advanced the interpretation of experimental results  Ion irradiation studies can be used to guide in-reactor or bulk irradiation testing for model validation or bulk irradiation testing for model validation  Ion beams can be used to more precisely control irradiation conditions and parameters to study separate ad at o co d t o s a d pa a ete s to study sepa ate effects and develop/validate models  Ion beams can be used to achieve high doses currently unachievable (structural materials and waste forms)
